Simultaneous correlation of vapour-liquid-liquid equilibrium (VLLE) data is hardly ever attempted in literature with one common set of parameters for all the equilibrium regions present in the systems. It is common practice to obtain different sets of parameters for VLE, LLE and VLLE regions when experimental equilibrium data for ternary systems are fitted with a given model (e.g. an activity coefficient model for the liquid phase). Besides, when dealing with the correlation of VLE for ternary systems, it is quite frequent to obtain different sets of parameters for each one of the three binary subsystems from those obtained when exclusively binary VLE data are correlated. In 
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2 equilibrium data that these models work fairly well for binary VLE, and their ability decreases for ternary VLE, ternary LLE, ternary VLLE and especially for systems strongly departing from the ideal behaviour. NRTL [1] and similar equations for the liquid phase excess Gibbs free energy has shown severe limitations to simultaneously represent VLE and VLLE data [2] [3] [4] [5] . Additionally, the correlation provided by these types of equations for ternary systems, as shown in the Data collection of DECHEMA Data Series [6] may be acceptable when dealing only with the ternary data but yield poorer results when attempting the simultaneous correlation of the ternary and the binary data. Therefore, it seems to be probed that the simultaneous correlation of different phase equilibrium regions, or even different thermodynamic properties, requires more flexible models than the classical ones. For instance, J. Ortega et al. [7] proposed an empirical parametric model for the simultaneous correlation of different properties of a binary solution: VLE data and some excess properties such as h E , V E and C p E . This model has a polynomial form with the advantage that its degree of flexibility, and thus the number of parameters can be selected according to the necessity of each case.
There are different reasons for the poor correlation results obtained in many cases, ranging from the lack of flexibility of the classical activity coefficient models, the quality and consistency of the experimental data, as well as the calculation procedures and the objective functions used. In this respect, it is very important to ensure that reliable equilibrium calculations are run and the necessary conditions to be fulfilled are satisfied. Otherwise, useless parameters could be obtained leading to mistaken calculations. Obviously, all these aspects are of paramount importance and can produce highly adverse consequences when developing models to represent the data as well as when applying such models to unit operation design or industrial process simulations.
The performance of the classical activity coefficient models can be significantly improved by the use of simple additional correction terms, based on the analysis of the behaviour of the Gibbs energy of mixture (G M ) function. Previous works have shown M A N U S C R I P T
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3 NRTL model was selected as a representative model of the classical activity coefficient equations because, among the equations for the excess Gibbs energy, it is considered as that which offers the best balance between simplicity, reliability and applicability to numerous mixtures [12] .
From an industrial point of view, there are an important number of water + alcohol + solvent (hydrocarbons) systems where the accurate description of vapour-liquid equilibrium (VLE) and vapour-liquid-liquid equilibrium (VLLE) plays a crucial role, taking into account that purification steps are among the most energy and cost consuming. For instance, in the fuel and biofuel industry or chemicals and polymers production, these kinds of water + alcohol + solvent mixtures with a VLLE behaviour have to be purified by using different techniques, such as azeotropic distillation, liquidliquid extraction, extractive distillation, adsorption, pervaporation, etc. [13] [14] [15] [16] .
The goals of the present work are the following:
1) Describe the objective function to be used when attempting the simultaneous correlation of all the equilibrium regions VL and VLL, in a VLLE system, with the same set of parameters, and the restrictions of the calculation strategy.
2) Test a simple modification in the expression of NRTL of the excess Gibbs energy for the simultaneous correlation of ternary VLLE data (i.e. all the equilibrium regions VL and VLL with the same set of parameters values).
3) Show the influence of the experimental data quality.
The results obtained are discussed and compared with those obtained by the classical NRTL equation.
Proposed procedure and modification of the NRTL equation Fig. 1 shows, in a 3D triangular prism (the temperature in the vertical axis versus composition in the base of the prism), the qualitative equilibrium surfaces for all the equilibrium regions present in VLLE azeotropic systems including a binary heterogeneous azeotrope, two binary homogeneous azeotropes, and a ternary heterogeneous azeotrope. These systems present complex phase equilibrium behaviour.
The existence of a ternary heterogeneous azeotrope point produces a vapour equilibrium curve in equilibrium with two liquids that present a minimum at the temperature of the azeotropic point. Thus, at temperatures below the ternary heterogeneous azeotrope, the 
and L 1 -L 2 (between the homogeneous and heterogeneous azeotrope points).
Inspection of Fig. 1 allows the conclusion to be drawn that correlation of this type of system is a difficult task involving the use of an adequate model and objective functions, as well as experimental data exhibiting low dispersion and systematically covering all the equilibrium regions. 
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and the additional term suggested in the present work is the following 3 The activity coefficients can be obtained using the well-known expression:
The additional term proposed in Eq. (4) involves two parts: the first term represents ternary contribution to the excess Gibbs energy and the other three terms are binary modifications to the NRTL equation. The ternary term will be useful for a better description of complex ternary systems that require improved flexibility of the model in the ternary region. The binary modifications will only be necessary for ternary systems that include binary subsystems presenting difficulties of correlation using the original NRTL equation. Consequently, the use of all the terms would not always be necessary and only justified by the quality of the fitting required in each case.
At this point, it is important to comment on the relevance of the objective function used in the correlation procedure for this type of complex systems with multiple equilibrium regions. The objective function should involve the equality of the fugacity of each one of the three components in all phases in equilibrium, i.e. the liquid and vapour phases for the VLE region and the two liquids and vapour phases in the VLLE region. The LL equilibrium would involve the variation of the model parameters with temperature which is out of the scope of this work. Thus, the correlation procedure determines the NRTL binary parameters (Eq. (3)) and the parameters of Eq. (4) 
( ) 
The use of the phase stability analysis through the application of the common tangent plane criterion is necessary to ensure the consistency of the parameters obtained in all the equilibrium regions. To do that, the expression for the Gibbs energy of mixing of the vapour phase is required along with the one for the liquid phase given in Eqs. (1-4) . If the vapour phase is considered as ideal, this expression is the following: 
Results and Discussion
The proposed modification to the NRTL equation has been used to simultaneously correlate the ternary VLLE data for the water (1) + ethanol (2) + heptane (3) system at 760 mmHg [17] . Classical activity coefficient models such as NRTL are not able to give a good representation of all the equilibrium regions for this system, using a unique set of binary interaction parameters, due to the difficulty to simultaneously represent VLE and VLLE data. Table 1 shows the binary interaction parameters A ij (J/mol) obtained when these experimental data are correlated using both NRTL and the proposed modification of the NRTL equation (NRTLm). These parameters are related with the dimensionless NRTL parameters τ ij by the following expression
Constants for the Antoine equation have also been included in Table 1 .
Representations of experimental and calculated equilibrium data according to the original and the modified NRTL equations are presented in Fig. 2 , showing that the proposed additional terms included in the model make possible the simultaneous correlation of all the equilibrium regions using a single set of parameters. This is especially relevant because it could allow, for instance, the design calculations required for separation processes in which this system were be involved.
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8 Additionally, the use of 3D plots, such as those represented in Fig. 2, allows a deeper analysis of the experimental data quality showing possible data dispersion or abnormalities. Traditionally, the combination of two 2D different projections had to be used to check experimental or calculated equilibrium data for ternary systems at different T or P conditions or for quaternary systems at constant T y P (as for example the Cruickshank type projections [18] for ternary LLE). Nowadays, it is increasingly frequent to use 3D plots which can be rotated for the inspection of both the quality of the experimental data and the reliability of those calculated by correlation. For example, in Fig. 2a , it is possible to observe the existence of 3 singular points (marked with the white line) presenting distinct and unlikely behaviour with respect to the remaining experimental points, so being suspect of error. Consequently, we have repeated the correlation of the system using the NRTL and the modified NRTL models, but now removing these three problematic points and results are shown in Table 2 and represented in Fig. 3 . Once these points are removed from the original data set, the quality of the correlation significantly improves especially using the modified NRTL equations. However, the real importance of this result is how three deviated points within an extensive equilibrium data set can distort so much the quality of the data correlation because of the great influence on other remote equilibrium regions of the system. This is not the case dealing with correlation of equilibrium data for more simple systems. Checking of the dispersion for experimental equilibrium data (VLE and VLLE) in systems that require 3D plots is not very common and typical 2D are not useful for these systems. The detection of dispersion or outliers is not obvious dealing with ternary systems because an experimental point cloud is obtained with serious difficulties to identify trends, mainly because in most of cases authors do not try to obtain a homogeneous distribution of the points in their experimental determinations.
To compare the quality of the different correlations carried out, in Table 3 the values for the total objective function (sum of Eqs. (6) and (7)) and the deviations (average and minimum) obtained using both the NRTL and modified NRTL models are presented.
Figs. 4a and b represent a set of experimental and calculated tie-triangles for the VLLE region before and after removing the three problematic points, respectively, for the correlations using both the NRTL and the modified NRTL equations. In these figures it is observed that the NRTL model has important restrictions to represent the tie-triangles located between the heterogeneous ternary azeotrope and the ternary plait point and also M A N U S C R I P T
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9 the experimental vapour phase compositions of many tie-triangles. It seems that the NRTL model is not flexible enough to reproduce the tie triangle inversion that exists in this region of the experimental data. With the addition of the terms proposed to the NRTL equation, it has been possible to substantially improve the representation of the experimental VLLE region. Moreover, once the three problematic data are eliminated, the proposed modification yields a quite good representation of the experimental VLLE tie-triangles including the existing inversion previously mentioned. Specifically, the reduction in the objective function value that it is achieved by the modification proposed is of 61% for the original data set, and 93% for the reduced set of experimental data. In the last case, the objective function value could be very close to the limit imposed by the dispersion of experimental data itself. corresponding to all the vapor-liquid equilibrium data in the VLE and VLLE regions to compare the correlation results obtained with the NRTL and the modification proposed for both the original experimental data set (Fig. 5a ) and the reduced experimental data set (Fig. 5b) . cut of the these G M surfaces along the VL tie-line.
